The organization of the retina of the turtle species Mauremys caspica, found in fresh water ponds of Israel, has been examined by light microscopical techniques including examination of fresh wholemount retina, one micron blue-stained vertical sections and Golgi-stained material. The anatomical findings on Mauremys retina have been compared with those of the Pseudemys retina (Kolb, 1982) which is more commonly used for electrophysiological and neurochemical studies in the USA. The photoreceptors of Mauremys are similar in type and oil droplet content to Pseudemys photoreceptors except for the double cone in Mauremys. This cone type appears more abundant than in Pseudemys and the principal member contains a yellow oil droplet instead of an orange oil droplet. Golgi staining reveals that all the cell types that have been seen in Pseudemys are found in Mauremys with identical morphology. In addition, two amacrine cell types that were not before described for Pseudemys have been added to the classification. One of these is the tristratified dopaminergic amacrine cell described in immunocytochemical studies (Witkovsky et al., 1984; Nguyen-Legros et al., 1985; . We have used these anatomical studies on Pseudemys and Mauremys retina to form a catalogue of neural types for the turtle retina in general. We conclude with an attempt to combine findings from anatomy, electrophysiology, and neurochemistry to form an overview of the organization of this reptilian retina.
Introduction
Mauremys caspica (formerly called Clemmys caspica) is a species of turtle occupying fresh water ponds of the Mediterranean coast of Israel. The retina of this turtle has been used in electrophysiological investigations of retinal neural pathways (Itzhaki & Perlman, 1984 and intracellular recordings from photoreceptors and horizontal cells indicate no significant differences from those obtained in Pseudemys scripta, which is most com monly used in retinal research in the United States. For these electrophysiological studies it has been assumed that the Mauremys retina is identical to the Pseudemys retina in photoreceptor and neural types; a detailed ana tomical study, however, has not been done in order to verify this supposition. The purpose of this study, then, is to examine the Mauremys retina by anatomical m eth ods that reveal the cell types and make a comparison with the findings from Pseudemys retina (Kolb & Jones, 1982 Kolb, 1982 ) so that we can be confident that there are no significant species differences of concern for the physiological findings. We hope that the com bined morphological investigations of the two species, Mauremys and Pseudemys, will increase our knowledge of the neural organization of this particular vertebrate retina, where physiological, pharmacological, and behav ioral investigations are rapidly progressing.
Golgi staining has revealed that the photoreceptor types, bipolar, horizontal, amacrine, and ganglion cell types in Mauremys caspica are identical to those seen in Pseudemys scripta. In particular, we note that the horizontal cell types of Mauremys have exactly the same m orphology as those described for Pseudemys (Leeper, 1978a, b) . This finding suggests that the physiological responses o f the various luminosity and chromaticity types are likely to be identical in both species: a fact already confirmed (Itzhaki & Perlm an, 1984 . Ex am ination o f fresh wholemount retina reveals that the photoreceptors and oil droplets contained within them are similar to those of the Pseudemys with the exception that the principal member of the double cone contains a small yellow oil droplet instead of an orange one.
A number of Golgi-stained cell types that were not seen in the original study on the Pseudemys retina (Kolb, 1982) have been added in this m orphological study. In particular, the dopaminergic amacrine cell described in immunocytochemical studies of Pseudemys retina (Witkovsky et al., 1984 (Witkovsky et al., , 1987 Nguyen-Legros et al., 1985; has been stained by the Golgi proce dure in this study. We present a catalogue of the nerve cell types for the turtle retina based on the findings of Golgi staining, immunostaining techniques (Eldred & Karten, 1983 Eldred & Carraway, 1987; Eldred et al., 1985 Eldred et al., , 1987 Eldred & W illiamson, 1987; Weiler & Ball, 1984; Weiler & Schutte, 1985; Weiler, 1985) , and intracellular staining techniques after recording response patterns to light (M archiafava, 1983; M archiafava & Weiler, 1980 M archiafava & Weiler, , 1982 Weiler & Marchiafava, 1981; Weiler & Ammermuller, 1986; Jensen & DeVoe, 1982 . We discuss the correspondence of the electrophysiological response types and the immunostained cell types with the morphological cell types described in this study.
M eth od s
A dult turtles, Mauremys caspica, with carapace size of 8 in. were used for the study. Animals were decapitated and the eyes removed under norm al room lighting. The retinas were processed in one of the following three ways:
Light microscopy o f fresh, unfixed, wholemounts
The posterior pole o f the hemisected eye was placed in normal saline for a few minutes, to aid the removal of the retina from the pigment epithelium. It was then cut in half though the optic nerve on the vertical m eridian and the retina teased o ff the pigment epithelium with a small spatula. The retina was then mounted photorecep-' tor side up on a glass slide and viewed by light micros copy.
2. Light microscopy o f 0.5 nm sections -The hemisected eyecup was placed in ice-cold 1 % Dal to n 's chrome-osmium fixative (Dalton, 1955) for 2 h. The retina and pigment epithelium were dissected from the choroid and sclera and the pieces of retina washed in cold chrome-saline mixture. Dehydration, en bloc stain ing in uranyl acetate in 70% alcohol overnight, and embedding in Araldite followed the usual procedures. Semithin sections (0.5 ^m) were cut on an ultram icro tom e and the sections stained with Richardson's stain.
Golgi preparations
The Golgi technique used has been described previ ously (Kolb, 1982) . Briefly, several retinas, cut in half along the vertical meridian were m ounted between filter papers in a sandwich between glass coverslips. The sand wich was placed in glass jars in the dark in the Colonnier (Colonnier, 1964) primary mixture of glutaraldehyde and potassium dichromate for 4 d, and then in the secondary silver nitrate solution for 2 d. Dehydration, clearing with cedarwood oil, and m ounting in Perm ount on a glass slide, ganglion cell side up, followed routine methodol ogy. Cells were drawn with a camera lucida or photo graphed. Shrinkage is estimated to be approximately 10%.
R esults

Overall appearance o f the Mauremys retina
The isolated, flattened Mauremys retina measures 9 mm in diameter in the specimens we used for the anatomical studies. The optic nerve is visible as a 0.5-mm diameter white spot in the center of the eyecup and the retina appears a black color with an orange sheen as a result of reflecting oil droplets in the photoreceptors. In Maur emys retina the linear visual streak situated 1 mm dorsal to the optic nerve and running across the whole retina on the horizontal meridian, is not easily distinguishable compared with Pseudemys where a clear black line in the eyecup is seen. Once the retina is removed from the eyecup, however, and m ounted flat on a glass slide the visual streak is evident as a red line and under the light microscope it is seen to consist of very small closely packed photoreceptors and oil droplets.
Photoreceptors and oil droplets as seen in fresh wholemount retina
A view of freshly excised retina with the photoreceptor side up is shown in the light m icrograph of Fig 1. As in other species of turtle, the different cone types can be recognized by the characteristic colored oil droplet con tained within their inner segments. Although microspec trophotom etry has not been perform ed on Mauremys caspica to relate the visual pigment o f the different cone types with the morphology of the cones and the color of their oil droplets, it is probably reasonable to assume that the photoreceptors in this species are similar to those of the other species where the spectral types have been studied, i.e. Pseudemys scripta, Chrysemyspicta, Chelydra serpentina, Geoclemys reevesii (Fujimoto et al., 1957; Fig. 1 . Wholemount view of fresh (unfixed) photoreceptors of the Mauremys retina. The different spectral types of cone can be recognized by their associated colored oil droplet. Red single cones (RS) contain a large red oil droplet and green single cones (GS) contain a large orange oil droplet. Two types of cones contain colorless oil droplets and the largest belongs in the blue single cone (BS) while the smaller (CC) is contained in a possible ultraviolet sensitive cone type. Double cones consist of a principal member (P) with a small yellow oil droplet and an accessory member (Acc) lacking an oil droplet but containing a yellow pigmentation instead (arrow).
(x900). Liebman & G randa, 1971; Liebman, 1972; Ohtsuka, 1978 Ohtsuka, , 1985a Lipetz & MacNichol, 1982a , b, 1983 Lipetz, 1985) . In fact, action spectra o f red and green cones and o f L-and C-type horizontal cells in Mauremys retina are similar to those in Pseudemys retina (Perlman, unpublished) .
Thus, the large red oil droplet is contained within the red single cone (RS), the large deep yellow/orange oil droplet is in the green single cone (GS), the large color less oil droplet is in the blue single cone (BS), and the small colorless oil droplet is in a red or possibly ultravio let absorbing cone type (CC) (Lipetz, 1985; Kolb & Jones, 1987) . The double cones consist of a principal member (P) containing the small yellow oil droplet and arranged alongside it is the accessory member (Acc) containing no oil droplet but an aggregation of yellow globules (arrows, Acc, Fig. 1 ): both members o f the double cone are probably red cones (Lipetz & MacNichol, 1983; O ht suka, 1985a, b ) . No rods are visible in this particular micrograph ( Fig. 1 ) but they are seen occasionally and have the same appearance, as in Pseudemys retina (Lasansky, 1971; Leeper, 19786; Kolb & Jones, 1982) . We have made counts of the different spectral types of cone in the Mauremys retina and find the following approxi mate proportions of cones in peripheral retina: red sin gle cones, 32%; green single cones, 20%; double cones, 29%; blue single cones, 13%; and clear colorless oil droplet cones, 6 % . The oil droplet com bination with spectral photoreceptor type and the proportions o f these photoreceptors in the turtle retinas studied to date is shown in Table 1 . Figure 2 shows a 1 /xm radial section through mid-periph eral retina o f the turtle M aurem ys caspica to show the m ajor cell layers and plexiform layers of this retina. The appearance of M aurem ys retina in section is very simi lar to Pseudem ys. The photoreceptors (Ph), consisting primarily o f cones, occupy one-quarter o f the thickness o f the retina. The single and double cones can be recog nized and the other types can be classified into spec tral types by the size and density o f staining of the oil droplets contained in their inner segment. W here no oil droplet is present the cone is an accessory member of the double cone. A portion of a rod, also lacking an oil drop let, with a characteristic wide outer segment is seen (R). The outer plexiform layer (OPL) is delimited by the cone pedicles and the outer nuclear layer (ONL) on the one side and by the horizontal and bipolar cell bodies o f the inner nuclear layer (INL) on the other. The peripheral retina of turtle has particularly prom inent Muller fibers running throughout the retina. The INL is characterized by large expanses of Muller fiber and occasional clusters o f "white streaks" (arrows, Fig. 2 ) which are bundles of bipolar cell axons. A layer o f amacrine cell bodies delimits the lower INL border.
L igh t m icroscopy o f radial sections o f the M aurem ys retina
The inner plexiform layer (IPL) is very thick in turtle retina, varying from 45 pirn thick in peripheral retina to 90 jitm thick in visual streak. The IPL in this mid-periph eral region is approximately 65 pirn thick and consists of processes o f bipolar, amacrine, and ganglion cells sepa rated by Muller cell processes. In this Golgi study, we classify all these cells primarily according to their den dritic or axonal stratification in the IPL. We, therefore, divide the IPL into the 5 strata or sublayers o f equal thickness as first described by Cajal (1933) . The ganglion cell layer contains a single layer of similar-sized cell bod ies of ganglion cells in addition to several varieties o f dis placed amacrine cell bodies, amongst Muller cell end feet and bundles of ganglion cell axons, many o f which are myelinated (Fig. 2) .
Golgi staining o f the neurons o f the M aurem ys caspica retina
Golgi-staining procedures have revealed an enormous variety of stained neurons in the M aurem ys caspica retina. Almost all of the neural types stained in the P seudem ys retina (Kolb, 1982) have been stained in M aurem ys retina and in addition some types that were not originally seen in Pseudem ys have been revealed. The following description is not intended to be an exhaustive one for every cell type. Rather, we have picked out cells o f particular interest from a physiological or immuno cytochemical perspective. The cells have been given the same nom enclature as in the Pseudem ys study and are considered to be the same cell types as described there. The two descriptions, taken together, give us a more complete analysis of the neurons o f the turtle retina in general.
a. B ipolar cells
Nine different morphological types of bipolar cell are seen in M aurem ys retina. They differ prim arily by the num ber and stratification of their axon terminals in the IPL. All nine types appear to exhibit Landolt clubs and similar-sized dendritic tree. The dendritic tree area and the num bers of clusters of terminals are very small for the bipolar cells of the visual streak (typically there are 5 or 6 clusters of terminals) but in more peripheral ret ina, there is an increase in size and numbers of clusters. The cells of Fig. 3 were located 2-3 mm from the visual streak and bear from 8-12 clusters of terminals. Each cluster o f terminals probably contacts a cone or a rod pedicle. The exact spectral types of cone pedicle con tacted by the terminals is only known for B4 and B6 cells in turtle retina (Kolb et al., 1986c) .
Wholemount views of Golgi-stained bipolar cells (Fig.  3) indicate their typical obliquely running axons, but the stratification levels o f their axon terminals are difficult to represent. However, by focusing up and down through the IPL, measuring the distance between the amacrine cells and the ganglion cells, and dividing this distance into 5 equal steps, the stained profiles (axon terminals in this case) can be assigned a level of branching in the IPL. Thus, BI and B2 cells, which are both m onostratified (have a single axonal ending) stratify in S5 and S4 through S5, respectively. BI has a dendritic field with a more radiate display o f dendrites than B2 which has, in con trast, a very bushy dendritic tree design. The axon of BI is again wider and more strictly confined to one plane in S5 than that o f B2. The latter cell has a clumped and vertically directed axon terminal passing down through two strata, S4 and S5 of the IPL.
Bipolar cells B4 and B6 are the commonly recorded center-hyperpolarizing and center-depolarizing bipolar cells respectively of the turtle retina. B4 is distinguished from B6 by its bistratified axon terminal having branches in SI and on the S2/3 border, com pared with B6 axons which branch in S3 and S5 (Fig. 3) .
A very curiously shaped cell type that can best be described as a centrifugal bipolar after C ajal's (1933) description, has been seen on several occasions in the M aurem ys retina. This cell type (Fig. 3 , cen. b) has a very expansive dendritic branching pattern (more than 100 /im in diameter) in the OPL compared with the more restricted arbors of regular bipolars. The loosely ramify ing OPL processes do not contain clear clusters of termi nals either. There are terminal-like projections that could be contacting photoreceptors but they could also be interpreted as ending on profiles in the neuropil o f the OPL. The cell body sits in the middle of the inner nu clear layer, in a bipolar-like fashion, and the descending process to the IPL is another loosely organized branching process that passes down through most of the strata of the IPL and is typically much smaller in field diameter than the processes in the OPL (Fig. 3) . These "centrifu gal bipolar cells" have also been seen in Golgi stained Pseudem ys retina but were not included in the original paper on that species (Kolb, 1982) .
b. H orizon tal cells
Four types of horizontal cell are seen in the M aurem ys retina as in P seudem ys retina. The different types are distinguished on the morphological features described by Lepeer (1978c, b) , O htsuka (1983), and Ohtsuka & Kouyama (1986) . It is probable that the spe cific connectivity between horizontal cells and the differ ent spectral types of cones in Mauremys will be the same as in Pseudemys (Leeper, 1978c, b) . Thus, type H I cells (HI CB, Fig. 4 ) are small-field cells with bushy overlap ping dendrites bearing many clusters of terminals. These cells are term ed L2 units based on electrophysiological studies (Leeper, 1978c , b\ O htsuka & Kouyama, 1986 drites bearing fewer but widely spaced terminal clusters, but they have a similar-sized dendritic field and are also axonless. Type H4 is a more rarely staining horizontal cell type with a smaller overall size and more spindly appearance (Fig. 4, H4 ) than any other type. It could almost be m istaken for a large bipolar cell type but, of course, lacks the descending axonal process and the Landolt club. Whereas the specific spectral connectivity of H I, H2, and H3 cell types have been elucidated (Leeper, 1978a , b\ O htsuka & Kouyama, 1986 , little is known concerning the spectral connections of the H4 cell type.
c. Amacrine cells
There are probably more than 30 different types of amacrine cell in the turtle retina. All 27 types o f ama crine cell described for Pseudemys retina (Kolb, 1982) have been seen in Mauremys retina and two more types, A28 and A29, have been added here. The different ama crine cell types are distinguished on the basis of dendritic field size, dendritic morphology, branching patterns, and levels of arborization in the different strata o f the IPL. Almost certainly different amacrine and ganglion cell types will have dendritic tree sizes that increase with eccentricity from the visual streak. Furthermore, in turtle retina all cell types tend to have an elongated dendritic tree oriented parallel to the visual streak particularly when they lie close to, in, or along the edge of the streak. Thus, classifying amacrine and ganglion cells on den dritic field size alone is problem atical. In the previous study (Kolb, 1982) , these cells were grouped into types that had very narrow fields (30-150 diameter), small fields (150-300 ^m diameter), medium fields (300-700 fim diameter), and wide fields (over 700 ^m diameter) and we will adhere to this same scheme in this paper.
Narrow-field amacrine cells.
Five different m orpho logical types of amacrine cells (A1-A5) fall into the narrow-field category, two of which (A4 and A5) are illustrated for Mauremys in Figs. 5, 6 , 14A, and 14B. These amacrine cell types have profusely branched den drites forming compact bushy dendritic trees that usually occupy several strata of the IPL. In essence, these amacrines are m ore vertically directed in their dendritic tree expanse rather than covering large lateral expanses of neuropil. The bistratified nature of A4 is seen in the micrographs (Figs. 14A and 14B) where it is rather clearly seen that the tier of dendrites in S3 has a wider and more profusely branched spread than the tier of rather simpler varicose dendrites in stratum 4 deeper in the IPL from the cell body. The A5 cell type is illustrated at higher magnification and its three tiers of branching are sepa rated out in the drawing of Fig. 6 . The dendrites that branch deeper in the IPL, i.e. on the S2/3 and S4/5 borders, are again slightly wider field and more varicose \ Fig. 5 . Three examples of narrow-and small-field amacrine cells in the Mauremys retina as seen in wholemount. A4 is bistrati fied, A5 is tristratified, and A10 is broadly stratified through three strata. A5 is shown at higher magnification and separated by its dendritic tiers in Fig. 6 . Another example of an A4 is illustrated in the micrographs of Fig. 14A and 14B. Scale bar = 25 jim. than the slender, wispy dendrites of the top tier in SI (Fig. 6 ).
Small-field amacrine cells. The seven small-field am a crine cell types that were seen in Pseudemys have also been seen in Mauremys. In addition, another small-field amacrine cell, called A29, seen for the first time in this study, can be added to this group of amacrine cells. Cells A9, A10, and A12 that were seen in Pseudemys retina are illustrated in Figs. 5, 7, 16A, 16B, and 18. Amacrine A9 (Fig. 7) is a small-field, loosely branched cell with thick m ajor dendrites and several curvilinear secondary and tertiary branches bearing occasional spines. It is monostratified on the S3/4 border and is a far peripheral cell with a dendritic field diameter of 280 ^m. A10 (Figs. 5 and 18) has a more compact dendritic tree of thicker varicose dendrites exhibiting many m ore appendages than A9. The dendrites also occupy more depth of the neuropil o f the IPL by passing through three strata S3-S5. A12 (Fig. 16A,B) is a tristratified cell with loose branches ramifying in S I, S3, and S5. Only the branch ing in SI and S3 is shown in the two micrographs. A curious feature o f the A12 cell type is that in all the ex amples we have seen, both in Pseudemys and Mauremys Fig. 6 . Type A5 amacrine cell drawn from wholemount at the three different levels in the IPL where the dendrites branch to show the different morphology of each dendritic tier. The den drites in SI close to the cell body are finer than the dendrites in the deeper strata where they become pronouncedly beaded. Scale bar = 10 ^m. retina, their dendritic trees are asymmetrical relative to the cell body. In some examples seen in the original Pseudemys study, but not illustrated here, each layer of dendrites of A12 cells had a different orientation or directionality.
A29 (Figs. 7, 20 ) is a cell type seen for the first time in the Mauremys retina, although m ost certainly it is also present in the Pseudemys retina. This amacrine has a "star-burst"-like branching pattern, i.e. the primary dendrites emerge in a radial pattern and branch repeat edly into cascades o f secondary and tertiary branches with all the dendrites being adorned with small delicate appendages. Even the cell body is covered with these delicate appendages (Fig. 7, 20) . The dendrites run in lower SI of the IPL.
Medium-field amacrine cells. The three amacrine cells belonging to this group (A13-A15) that were seen in Pseudemys have also been seen in Mauremys retina. An A13 type amacrine cell is illustrated in the micrograph of Fig. 15 . The cell has a 200 x 300 dendritic field size and the dendritic branching pattern is profuse with wavy, overlapping dendrites bearing characteristic spines -oft Fig. 7 . A medium-and a small-field amacrine cell of the Mauremys retina. A9 is monostratified on the S3/4 bor der with a simple dendritic tree shape, while A29 is a delicate "star-burst" shaped cell covered with fine termi nals and appendages stratifying in SI. An A29 is also illustrated on and dusters of appendages. The whole dendritic tree remains rather broadly stratified in stratum S2. A new medium-field amacrine cell, A28, not originally seen in the Golgi study of Pseudemys, has now been stained in M auremys retina (Fig. 8) . This cell also occurs in Pseudemys retina; a tristratified medium-field amacrine cell of similar morphology has been stained with the antibody to tyrosine hydroxylase in immunocytochemi cal studies in this species (Witkovsky et The A28 cell exhibits a large cell body (diameter 10 x 12 /nm) which emits 2 to 4 thick major dendrites. These subdivide and branch profusely in a fine cobweb-like dendritic tree at three levels of the IPL, SI, lower S2, and on the S4/5 border. The cell illustrated in Fig. 8 was found close to the visual streak and is the smallest sized of these cell types, with a dendritic field diameter of 250 ixm. In peripheral retina, according to the immunocyto chemical study in Pseudemys retina, the A28 cells typi cally reach dendritic field diameters of 700 /j.m .
Large-field amacrine cells. There are many varieties of large-field amacrine cells in the turtle retina. In fact these cell types are probably the commonest amacrine cell of this reptilian retina. Thus, amacrines A16-A27 are dif- ferent morphological varieties of large-field amacrine cell common to Mauremys retina as well as the Pseudemys. These amacrine cell types have simple branching patterns and are all very narrowly stratified to one stratum or to the border between two strata. Some have dendritic fields that exceed 1 mm in diameter; often the dendrites are extremely fine for some hundreds of microns and then thicken at their termination, e.g. A l l .
A17, A18, A19, and A23 illustrated in Figs. 9, 10, 17, 12, and 21 are large-field amacrines that ramify in SI of the IPL. Clearly, cells A17, A18, and A23 have entirely different morphologies, but cells A17 and A19 look somewhat similar. A17, on the one hand, has a small cell body and seemingly fine smooth dendrites and a very simple, relatively unbranched dendritic tree (Fig.  9). A19 (Fig. 17) , on the other hand, appears to have a larger cell body and coarser, thicker dendrites than A17, which exhibit occasional spines and large appendages on long stalks.
A18 has a small cell body but extremely long, wavy, curvilinear dendrites that cover a dendritic field diame ter of 1.7 mm in the example drawn (Figs. 10, 13 and  21 ). This dendritic tree is almost certainly understained and each of the dendrites probably run as great a dis tance as the longest one shown on Fig. 13 (arrow). A l l  (Figs. 11, 13) is a cell that has been studied physiologi cally and whose neurotransmitter is known (see Discus sion). This cell has a very characteristic morphology and branches strictly on the S2/3 border of the IPL. The cell body is large (12 /xm diameter), the thick primary den Fig. 9 . Camera lucida drawing of an A17 wide-field amacrine cell. The cell has a simple radiate monostratified dendritic field stretching 1.6 mm which is not shown in full on the figure (see Fig. 13 ). Scale bar = 25 ^m. Fig. 10 . A wide-field monostratified amacrine A18 has a different morphology compared to A17 and is there fore a different cell type. The dendrites are wavy and curved and bear occasional appendages. The full dendritic field may cover 5 mm as judged by the extent of one dendrite (as illustrated on Fig. 13 ). An A18 is also illus trated on Fig. 21 . Scale bar = 25 nm.
drites fall immediately to lower S2 and radiate out for 150 nm as very thick branches (2-3 ^m diameter), and then become extremely fine (less than 0.5 /xm, arrow heads, Fig. 11 ) and run for 800 jxm before becoming enlarged and varicose at their ending. A23 (Figs. 12, 19) is one of the amacrine cell types with branching patterns like the "radiating spokes of a wheel." There appears to be one of these types of ama crine cells branching in every stratum of the IPL (see Kolb, 1982) . A23 branching in SI has the largest num ber of dendrites emanating from the cell body, dividing once or twice and then running unbranched straight out from the center of the dendritic field to cover a 800-1000 Ijlm diameter field (Fig. 12, Fig. 19). A25 (Fig. 15) , on the other hand, gives rise to fewer primary dendrites and dendritic spokes than A23 (compare Figs. 15 and 19) . It restricts its dendrites to S3 of the IPL. In Pseudemys ret ina we saw A25 type amacrine cells with dendritic fields of 2.7 mm diameter, but the example in Mauremys was not that completely stained.
Large-field amacrine cells of strata 4 and 5 are also present in Mauremys retina, resembling those described for Pseudemys (Kolb, 1982) . Figure 13 is a composite drawing at very low magnification to allow the reader to 
d. Ganglion cells
There is no reason to suspect that the ganglion cells of Mauremys caspica retina are any different from those in the Pseudemys scripta retina, judging by our Golgistained material. Not all the types that were seen in Pseudemys were observed in the present study but those varieties that were stained seemed identical in morphol ogy to those already described (Kolb, 1982) . Thus, there are at least 21 identified different morphological variet ies of ganglion cell in the turtle retina. Figure 22 illustrates the extreme types of morphology ganglion cells exhibit. G2 is one of the very smallest with a small cell body (10-/*m diameter) and a narrow diffuse dendritic tree of tiny, fine dendrites and appendages, while G20 is one of the largest types of ganglion cell. The latter cell has a cell body as large as is seen for any turtle ganglion cell at 26 ^m diameter. The narrowly stratified dendritic tree of large-diameter curved, coarse dendrites covered with fine hair-like spines covers an area 500-800 ^m in diameter. The majority of ganglion cell types seen in Golgi preparations of turtle retina appears to be small to medium-field sized with profusely branched dendrites and are commonly bi-stratified or tristratified. Large Fig. 12 . Drawing of the A23 cell in wholemount retina. The cell has a "spokes of a wheel" like branching pat tern of strictly monostratified dendrites that range much further than the drawing depicts (approximately 800-1000 lim). Another A23 is shown in the micrograph of Fig. 19 . Scale bar = 25 /im. cells such as G20 constitute fewer morphological varie ties in our experience. G3, G6, and G8 (Figs. 23, 25A , 25B) are small in den dritic field size but each has a unique branching pattern of delicate fine processes. Thus, G3 is very sparsely branched sending only a few curled fine dendrites up diffusely through the IPL (Fig. 23) . G6, on the other hand, is clearly a bistratified cell with two distinct tiers of profusions of curving, overlapping fine dendrites on the S4/5 border and the Sl/2 border (Fig. 23) . G8 is a very commonly stained type of ganglion cell in turtle ret ina (Fig. 25) . The cell has a narrowly stratified dendritic tree of fine, delicate profusely branched dendrites. Its dendritic tree occupies stratum 3 of the IPL.
Ganglion cells G7, G10, and G12 are all medium field in dendritic tree size, and again each is unique in branch ing pattern and stratification level. Thus, G7 (Fig. 24) is a bistratified cell with a tier of fine, cobweb-like den drites on the S4/5 border and another tier in lower S2. If this cell were to have a tier of branches in SI, it would be an exact morphological ganglion cell counterpart of the A28 amacrine cell. This cell is clearly a ganglion cell, however, as can be seen from the long stretch of axon that was stained (Fig. 24) . The two other ganglion cells, G10 (Fig. 26) and G12 (Fig. 24) , look superficially rather alike but on careful inspection differ with respect to their dendritic stratification. Thus, G12 has a very elongated dendritic tree oriented parallel to the visual streak and lies within 1 mm of the long axis of the streak. The cell has thick primary dendrites that emerge in bipolar fash Fig. 13 . Drawing of the three largest field amacrines of the turtle retina to show their entire dendritic field. A17 covers 1.6 mm, A l l covers 3.6 mm, and A18 might cover 5 mm if all the branches were completely stained. Scale bar = 50 fim.
ion from the cell body but then split into several second ary and tertiary branches covered with spines and appendages. The cell's dendrites ramify exclusively in S2 of the IPL. The GIO ganglion cell (Fig. 26A) is a more loosely branched cell with fewer fine dendrites some of which ramify in S5 and others rise to S3. The dendrites contain relatively few appendages compared with G12 although its overall dendritic tree shape is elongated and oriented parallel to the visual streak like the G12 cell. A fine axon is clearly emerging from one of the major den drites and curving around to run in the direction of the optic nerve head (Fig. 26B) .
Discussion
General conclusions
In this paper, we have examined the retina of the fresh water turtle Mauremys caspica by various light micro scopic techniques in order to compare the morphologies
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Figs. 14-15. 14A: Light micrograph of a narrow-field amacrine cell A4 at the level of one of the tiers of den drites of its bistratified dendritic field. 14B: A4 cell in a plane of focus at the second tier of dendrites. 15: Two different morphological types of amacrine cell (A13 and A25) as seen in wholemount views. (x450).
of the different neurons with those in the retina of the better studied species Pseudemys scripta. We conclude that the organization of both retinas is very similar and that neurons of the exact same morphology can be found in both. Some new cell types, not seen in the original study on the Pseudemys retina (Kolb, 1982) , have been revealed by the Golgi method in this study but these are not considered to be unique to Mauremys retina. We suggest that the morphological investigations of the two turtle species can be taken together as an extensive cata logue, which is almost certainly not yet complete, of the cell types found in general in turtle retinas.
Photoreceptors
The (Table 2 ) so one can see the progress to date on the neural organization of the turtle retina and appreciate the large gaps that still exist in our knowl edge concerning this interesting vertebrate retina. As more electrophysiological data from intracellularly dyemarked neurons becomes available, it will be interesting to learn if there are functional correlates to the large number of morphologically different cell types or whether diversely shaped cells can have a common physiology and common role to play in the neurocircuits of the tur tle retina.
What general principles emerge from information provided by this table? Firstly, it becomes obvious that the turtle retina has some advantages over other ver tebrate retinas in that at the very first stage of retinal processing we are able to recognize the different spectral Table 2 ). Furthermore, the cells of the IPL are not only architecturally distinctly arranged but are also seg regated into specific pathways by their neurotransmitter content.
Thus, a putative glutamine-containing bipolar cell Fig. 22 . Camera lucida drawing of the two extremes of gan glion cell morphology in turtle retina. G2 is one of the smallest field ganglion cells with a small cell body and diffuse dendritic tree of fine interlaced dendrites. Scale bar = 25 /im. Arrow points to the axon. G20 has a large cell body and thick "hairy" dendrites covering a 500-600 /*m dendritic field. Scale bar = 50 ftm. The arrow indicates the axon. Concerning neurochemically specific amacrine and ganglion cells in the turtle IPL, it is evident that just about every neuroactive substance found to date can be assigned to amacrine cells of the turtle retina (see Table  2 Table 2 ) as might be predicted from the fact that most amacrine cells in the turtle retina appear to be large-field monostratified or bistratified (see Table 2 ). The ON-OFF amacrine cells can be further subclassified on details of their receptive field organization that can often be correlated to distinc tive morphological features. For example, the ON-OFF cell corresponding to A22 (Weiler & Marchiafava, 1981;  A8  A9  A10  A ll  A12  A13  A14  A15  A16  A17  A18  A19  A20  A21  A22  A23  A24  A25  A26  A27  A28  A29 Ganglion cells G1 G2 G3
Golgi study o f turtle retina Table 2 ). It is partic ularly interesting that the smallest amacrine cell type A4 (Table 2 ) is a bistratified cell with branches in the OFFand ON-center laminae (Nelson et al., 1978; Kolb, 1982) and has a characteristic ON transient with a sustained portion to its response. This physiology is very reminis cent of the All, small-field bistratified amacrine cell of the cat and rabbit retinas (Nelson, 1982; Dacheux & Raviola, 1986) .
The turtle retina, like other vertebrate retinas with visual streaks, has a large proportion of ganglion cells responsive to movement, directional selectivity (DS), and orientation selectivity (Marchiafava, 1979 (Table 2) . Curi ously the O N -O FF DS ganglion cell is tristratified and the DS ON cell is bistratified, for in the rabbit retina the form er is bistratified and the latter m onostratified (Am thor et al., 1984) . These ganglion cells appear to have lost a tier of dendrites in the course of evolution.
The ON-center and OFF-center ganglion cells of the turtle retina stratify appropriately in the two sublaminae o f the IPL as in the cat retina (Nelson et al., 1978) and there are appropriate ON-and OFF-center bipolar cells available for input to the two sublaminae (i.e. B4 and B6, see Table 2 ). Diffusely branched or bistratified and tristratified ganglion cells that have dendrites spanning the two sublaminae of the IPL are typically O N -O FF cell types (Table 2 ). In many cases the overlap of O N -OFF ganglion cells with O N -O FF amacrine cells could account for the former cell types physiological responses. For example, an O N -O F F color-coded ganglion cell (Weiler and Ammermuller, 1986) corresponding to G14, is bistratified on the S l/2 border and in 53. These are positions occupied by the m onostratified amacrine A25 and by one tier of dendrites of the bistratified A15, both o f which are O N -O FF amacrine cells (Table 2) . H ow ever, neither of these amacrines is reported to be color specific. Thus, it appears that this ganglion cell's excita tion by red and blue light and inhibition by green light must come from sources other than the amacrines that are optimally positioned to have synaptic input to it in the neuropil. Interactions, not yet fully understood, from different cell processes in different strata must converge on these ganglion cells.
As can be seen there are still many intriguing ques tions concerning the functional organization of the gan glion cell response and receptive field in the turtle retina. Further investigations using these species are clearly war ranted and we hope that such studies will build on the morphological description of P seu d em ys and M a u rem ys turtle retinas presented in this paper.
